The role of muscle spindles in proprioceptive acuity at the knee, ankle and elbow in individuals with knee osteoarthritis  by Shanahan, C.J. et al.
Abstracts / Osteoarthritis and Cartilage 20 (2012) S54–S296S248staining. The Pearson's product-moment correlation coefﬁcients were low
in all the images. Gene expression of 33 genes was signiﬁcantly higher and
that of 11 genes was signiﬁcantly lower by DNA microarray analysis.
Notably, ﬁbrotic factors such as COL1A1, chondrogenic factors such as FOS,
FOSB, ACAN, and COL10A1, and angiogenic factors such as CYR61were
signiﬁcantly higher in idiopathic frozen shoulders.
Conclusions: In addition to ﬁbrosis and inﬂammation, which used to be
considered the main pathology of frozen shoulders, chondrogenesis is
likely to have a critical role in pathogenesis of idiopathic frozen shoulders.
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ISOLATION AND CHARACTERIZATION OF HUMAN MENISCUS-DERIVED
VASCULAR STEM CELLS
A. Osawa 1,2, C.D. Harner 3, J. Huard 4. 1 Juntendo Univ. Urayasu Hosp.,
Urayasu, Japan; 2 Juntendo Univ., Tokyo, Japan; 3Univ. of Pittsburgh Med.
Ctr., Pittsburgh, PA, USA; 4 Stem Cell Res. Ctr., Children's Hosp. of Pittsburgh,
and the Dept. of Orthopaedic Surgery, Univ. of Pittsburgh, Pittsburgh, PA, USA
Purpose: Since meniscus tears in the peripheral vascularized region can be
successfully repaired compared to the inner avascularized region, we
hypothesized that the repair is mediated by not only blood supply but also
by vascular-derived cells, that have been reported to be associated with
adult-derived stem cells, including muscle-derived stem cells. The purpose
of this study was to identify the characterization of meniscus-derived
vascular stem cells.
Methods: Sample: Lateral menisci were harvested from subjects under-
going total knee arthroplasty. Immunohistochemical staining: Menisci
were immnostained for CD34 (endotherial cell marker) and CD146 (peri-
cyte marker). Cell isolation and characterization: Menisci were separated
into 2 regions, the peripheral one third and the inner two thirds, and then
digested with collagenase. Themeniscus cells were characterized and then
were sorted by ﬂow cytometry for expression of CD34 and CD146. CD146
positive cells did not expand well, so leaving CD34 positive cells from the
peripheral(P34) and inner(I34) were tested for their multilineage poten-
tials. Chondrogenic assay: Cells (n¼2.5105) were pellet cultured for 21
days in chondrogenic medium. Pellets were assessed macroscopically and
stained with Alcian blue/nuclear fast red. Osteogenic assay: Cells
(n¼1.0105) were cultured as pellets for 21 days in osteogenic medium
and evaluated with a micro-CT and stained with von Kossa. Adipogenic
assay: Cells (n¼1.0105) were monolayer-cultured for 14 days in adipo-
genic medium and stained for Oil Red O.
Results: Meniscus tissue showed more positive immunohistochemical
staining for CD34 and CD146 in the periphery than in the inner(Fig.1a).
FACS analysis were showed in Fig.1b and c. Chondrogenesis: The pellet size
of P34 showed bigger than I34. Both pellets were stained with Alcian blue.
Osteogenesis: Bone volume from P34 pellets was signiﬁcantly larger than
in I34 pellets (P <0.05). P34 cells displayed more positive staining of von
Kossa compared to I34 cells (P <0.05). Adipogenesis: Oil red O staining
demonstrated that P34l cells showed more characteristic lipid droplets
compared to I34 (P <0.05).
Conclusions: Our study showed that CD34 and CD146 positive cells were
found more prevalent in the peripheral region than in the inner region,
moreover CD34 positive cells from the peripheral region have potential for
multilineage differentiation. These ﬁnding suggested that these pop-
ulations exhibit stem cell characteristics and may contribute to meniscal
regeneration, moreover it may provide important clinical insight for
meniscal repair.
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IMPAIRED HEALING OF ANTERIOR CRUCIATE LIGAMENT CORRELATES
WITH KININS EXPRESSION
Y. Savitskaya, C. Duarte, R. Tellez, E. Martinez, A. Almazan, C. Ibarra. Natl.
Inst. of Rehabilitation, Mexico, Mexico
Purpose: ACL is the most frequently injured ligament of the knee, with
over 100,000 reconstructions performed annually. Reconstruction of
injured ligaments is still a problem. The discovery that cartilage can make
products of the kinin-kallikrein pathway and its receptors suggests that it
can not only respond to products of the pathway but initiate thisinﬂammatory process in the joint by providing bradykinin (BK). An
understanding of the process of ACL healing evolves, new markers will be
indentiﬁed that will be accurate measures of this process. The purpose of
the study was to deﬁne the levels of serum markers C1, 2C, C2C (cartilage
degradation), CPII, CS846 (cartilage formation), natural (IgA, IgM, IgG)
antibodies against BK (healing of ACL) in a cohort of patients before and
after ACL reconstruction and compare them to matched, uninjured
controls.
Methods: Patients undergoing ACL reconstruction were matched with
uninjured controls of similar age, sex, and BMI. Serum drawn upon entry to
USMA and prior to graduation from both groups were tested ELISA kits
(IBEX, Inc, Montreal, CA). In order to quantify NA to BK in the sera, were
designed, synthesized and then used to develop a novel ELISA kits (INR).
Results: Different classes of NA (IgM, IgG, IgA) against BK were detected
with our ELISA protocol in the sera of ACL patients as well as in the sera of
controls. There was no signiﬁcant difference in binding of serum BK-IgA
and BK-IgG levels in ACL patients in comparison with that in controls.
Serum BK-IgM levels is elevated in patients after ACL reconstruction and
correlate with individual and composite measures of the healing activity.
There were signiﬁcant differences (p<0.05) in the C2C and CPII levels
between groups pre-injury, but not the C1, 2C and CS846 levels. Therewere
signiﬁcant differences (p<0.05) in the C1, 2C, C2C, and CPII levels between
groups in the post-reconstruction state, but not for CS846. Comparing
within group changes, all markers were signiﬁcantly different over time
(p<0.05) in both groups except for the controls C1, 2C and ACL injured
CS846. Signiﬁcant group by time interactions were observed (p<0.05) for
C2C and CS846. Elevated BK-IgM in the sera was signiﬁcantly correlated
with C2C (r¼0.85; p<0.0001) and CII (r¼0.69; p<0.0003) in ACL patients
in the post-reconstruction state.
Conclusions: The process of ACL healing is highly complex, but is slowly
starting to become more well deﬁned. Kinins can stimulate the upregu-
lation and production of cartilage after ACL reconstruction. A signiﬁcant
relationship was found between the examined markers of cartilage
formation and degradation and the dynamic change of serum levels of
kinins after ACL reconstruction. The difference in BK-IgM, CPII and C2C
levels in the pre-injury state suggests that there may be differences in
cartilage metabolism of individuals at risk for ACL tear. Signiﬁcant changes
over time were observed in kinins markers in the ACL-injured group and
further study is warranted into the prognostic capabilities of these mar-
kers.
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THE ROLE OF MUSCLE SPINDLES IN PROPRIOCEPTIVE ACUITY AT THE
KNEE, ANKLE AND ELBOW IN INDIVIDUALS WITH KNEE
OSTEOARTHRITIS
C.J. Shanahan 1, P.W. Hodges 2, M.J. Farrell 3,1, K.L. Bennell 1,
T.V. Wrigley 1. 1Univ. of Melbourne, Melbourne, Australia; 2Univ. of
Queensland, Brisbane, Australia; 3Howard Florey Inst., Melbourne, Australia
Purpose: This study aimed to investigate: 1) whether muscle spindle
function (a major contributor to proprioception) is abnormal in indi-
viduals with knee OA, and 2) if joint repositioning accuracy is affected at
other lower and upper limb joints. Although evidence of proprioceptive
impairments associated with knee OA is somewhat equivocal, many
studies indicated impaired proprioceptive acuity at the knee and at other
joints in individuals with knee OA. However, there has been little
investigation of the underlying causes of the proprioceptive impair-
ments. Muscle spindle activity provides one of the most important
contributions to perception of joint position and movement, and the
central processing of muscle spindle afferent input is integral to optimal
proprioception. Muscle spindle function may be compromised in indi-
viduals with knee OA given issues such as changes to quadriceps muscle
mass. It is possible to probe muscle spindle function in OA by evaluating
the effect of perturbing their function. Vibration (60 Hz) over muscle
provides a potent perturbation and generates illusions of movement.
Joint repositioning accuracy is commonly used to assess proprioceptive
acuity in individuals with knee OA. It was hypothesised the effect of
muscle vibration on joint repositioning accuracy in individuals with knee
OA would be muted compared with a control group as a result of muscle
spindle dysfunction.
Figure 1. Mean relative joint repositioning error (target angle - match angle) at the
knee, ankle and elbow in OA and control groups.
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right knee OA (pain score 3/10) and 24 asymptomatic controls partici-
pated. To test the effect of muscle spindle perturbation on joint reposi-
tioning accuracy the mean relative joint repositioning error at the knee,
ankle and elbow was recorded during trials with and without vibration
applied to key muscles in random order. Vibration was applied to the
quadriceps (knee trials), tibialis anterior (ankle) and biceps (elbow)
muscles. Participants lay supine with their hips and knees ﬂexed and
supported at 90 for all tests. Participants moved their lower leg/foot/
forearm actively to a target position determined by the tester, returned
their limb to rest then moved actively to attempt to match the original
target position. Vibration was applied continuously over the muscle belly
during initial movement to the target position and back to rest. The
difference between the target angle and the angle achieved during the
matching phase was recorded. Three separate RM-ANOVAs (Group x
Vibration) were conducted to determine if there were differences between
the groups in repositioning accuracy at the knee, ankle and elbow in
response to vibration.
Results: Repositioning errors at the knee, ankle and elbow there were
larger when vibration was applied to relevant muscles in both participant
groups (all p<0.001) (Figure 1). Data are consistent with the prediction
that perturbation to muscle spindle activity leads to the perception that
the muscle was shorter (muscle shortening illusion). There was no
signiﬁcant interaction between group and vibration indicating the effect
of vibration on the joint repositioning accuracy at the knee, ankle or
elbow was similar for both participant groups. In the knee and ankle
conditions there was a trend towards larger increases in inaccuracy
during trials with vibration in the control group compared with the OA
group (Figure 1).
Conclusion: Although perturbation of muscle spindle function by vibra-
tion affected joint repositioning, this was similar for both groups, with
a non-signiﬁcant tendency towards an interaction between group and
vibration at the knee and ankle. Our ﬁndings suggest proprioceptive
impairments associated with knee OA may not be medicated by deﬁcits in
muscle spindle function.
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PLATELET-RICH PLASMA STIMULATES HUMAN TENOCYTE
PROLIFERATION AND POTENTLY UP-REGULATES GROWTH FACTOR
PRODUCTION BY TENOCYTES
S. Franklin, M. Thompson, A. Carr, K. Willett, P. Hulley. Oxford Univ., Oxford,
United Kingdom
Purpose: Platelet-rich plasma (PRP) is thought to decrease healing time
and increase post-surgical success rate in damaged tissues such as bone
and tendon. Upon activation, platelets release a cocktail of growth
factors, which in the short-term activates multiple signalling pathways.
The release of growth factors is transient, 95% being released within one
hour of platelet activation. This paper reports the initial spectrum of
PRP-activated, kinase-driven signalling events, identiﬁes links between
kinases and cellular proliferation, shows that this signalling leads to
changes that play our over several days, and also highlights the
secondary induction of growth factor production by the stimulated
tenocytes.
Methods: PRP was extracted from fresh whole human blood using a one-
step centrifugation method. The PRP was clotted and left in medium
overnight to release all biological factors, producing 10% PRP-conditioned
medium. Human tenocytes derived from explanted healthy hamstring
were treated with varying concentrations of PRP-conditioned medium
and changes in cell viability and DNA content were measured over a six
day period. Growth factor content was assayed in collected supernatant
from control and 10% PRP treated cultures using ELISAs. Using a pre-
designed intracellular kinase array (R&D Systems), phosphorylation
status of 46 proteins was determined at different time points following
stimulation with 10% PRP over a 60 minute period. Statistical differences
were determined by one-way ANOVA and Tukey's Multiple Comparison
Test.
Results: PRP-conditioned medium increased viable tenocyte number in
a dose-dependent manner, with signiﬁcant increases after 3 days with 6%,
8% and 10% (at each concentration P<0.001) PRP. 10% PRP-conditioned
